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AMENDMENTS TO THE CLAIMS 

This listing of claims will replace all prior versions and listings of claims in the application. 
Listing of Claims: 

Claim 1 (Currently Amended): A method comprising: 

processing a data stream of information-bearing symbols to form bursts of information 
symbols; 

arranging training symbols within the stream of information-bearing symbols to ensure at_ 
least one polarity transition within every set of three consecutive training symbols at a receiver to 
synchronize timing of a transmitter and the receiver; and 

outputting the bursts of information-bearing symbols and training symbols as an ultra 
wideband (UWB) waveform through a communication channel to the receiver. 

Claim 2 (Original): The method of claim 1, wherein arranging the training symbols further 
comprises inserting K training symbols within each burst of information-bearing symbols. 

Claim 3 (Original): The method of claim 2, wherein inserting the training symbols comprises 
inserting the K training symbols as the first K symbols of each burst. 

Claim 4 (Original): The method of claim 1 , wherein arranging the training symbols comprises 
arranging K=4 training symbols according to the following equation where s(k) is the k th symbol 
of the UWB waveform: 




+ 1, if (kmod4)= 0,or,l 
-1, if{k mod 4) =2, or 3 ' 
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Claim 5 (Original): A method comprising: 

receiving an ultra wideband (UWB) waveform through a wireless communication 
channel, wherein the received UWB waveform comprises bursts of information-bearing symbols; 

selecting a template to be used for estimating the timing offset of a burst of the received 
UWB waveform, wherein the template comprises a segment of a burst of the received UWB 
waveform; 

correlating the template with a segment of a burst of the received waveform so as to form 
an estimate of the timing offset of the received UWB waveform; and 

outputting a stream of symbol estimates in accordance with the estimated timing offset. 

Claim 6 (Original): The method of claim 5: 

wherein selecting the template comprises selecting a segment from a burst of the received 
UWB waveform of one symbol duration; 

wherein the segment of the received UWB waveform to be correlated with the template 
comprises a segment from a burst of the received UWB waveform of one symbol duration 
adjacent to the template; and 

wherein correlating the template with a segment of the received UWB waveform 
comprises correlating the template with the selected adjacent segment of one symbol duration 
from the burst of the received UWB waveform according to the following equation: 



wherein m € [0, M-l] with M > 2 and n e [0, N r l]. 

Claim 7 (Original): The method of claim 6, wherein correlating the template with a segment of 
the received UWB waveform further comprises selecting the value of h £ by peak-picking the 
result of correlating M/2 pairs of adjacent templates and segments of the received UWB 
waveform according to the following equation: 




m=0 
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Claim 8 (Original): The method of claim 7, wherein n determines the resolution of the 
estimate of the timing offset. 

Claim 9 (Currently Amended): The method of claim 7, wherein n is equal to one of an 
int e g e r valu e and a non-integer value. 

Claim 10 (Original): The method of claim 7, wherein n equals one frame duration Tf results in 
frame-level resolution of the timing offset estimate. 

Claim 1 1 (Currently Amended): The method of claim 5: 

wherein the received UWB waveform comprises bursts of information-bearing symbols 
and training symbols, wherein the training symbols are arranged so as to ensure at least one 
polarity transition within every set of three training consecutive symbols; 

wherein the template to be used for estimating the timing offset of a burst of the received 
UWB waveform comprises a segment from a burst of the received UWB waveform, wherein the 
template is selected from the training symbols; 

correlating the template with a segment of a burst of the received waveform so as to form 
an estimate of the timing offset of the received UWB waveform, wherein the segment comprises 
a segment of one symbol duration from a burst of the received UWB waveform; and 

outputting a stream of symbol estimates in accordance with the estimated timing offset. 

Claim 12 (Original): The method of claim 11, wherein the training symbols are the first K 
symbols of each burst. 

Claim 13 (Original): The method of claim 12, wherein K training symbols within each burst of 
symbols are arranged so as to ensure at least one polarity transition within one symbol duration 
of the received UWB signal. 

Claim 14 (Original): The method of claim 13, wherein K=4 training symbols are selected 
according to the following equation where s(k) is the k th symbol of the transmitted signal: 




+ 1, if(k mod 4) = 0, or ,1 
-1, if(k mod 4) =2, or 3 ' 
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Claim 1 5 (Original): The method of claim 1 1 : 

wherein the template comprises a segment of one symbol duration from the K training 
symbols of a burst of the received UWB waveform; 

wherein the segment of the received UWB waveform to be correlated with the template 
comprises a segment of one symbol duration from the K training symbols of a burst of the 
received UWB waveform, wherein the segment is adjacent to the template; and 

wherein correlating the template with the segment of the received UWB waveform 
comprises correlating the template with the selected adjacent segment of one symbol duration 
from the burst of the received UWB waveform according to the following equation: 



wherein m <s [0, M-l] with M > 2 and n <= [0, N r l]. 

Claim 1 6 (Currently Amended): The method of claim ±2 1_5, wherein correlating the template 
with a segment of the received UWB waveform further comprises selecting the value of h e by 

peak-picking the result of correlating M/2 pairs of adjacent templates and segments of the 
received UWB waveform according to the following equation: 



Claim 1 7 (Currently Amended): The method of claim 44 16, wherein n determines the resolution 
of the estimate of the timing offset. 

Claim 1 8 (Currently Amended): The method of claim 44 16, wherein n is equal to on e of an 
integer valu e and a non-integer value. 

Claim 1 9 (Currently Amended): The method of claim 44 16, wherein n equals one frame 
duration Tf and results in frame-level resolution of the timing offset estimate. 
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Claim 20 (Currently Amended): A wireless communication device comprising: 

a pulse generator that processes a data stream of information bearing symbols to form 
bursts of information bearing symbols and arranges training symbols within the stream of 
information-bearing symbols to ensure at least one polarity transition within every set of three 
consecutive training symbols at a receiver to synchronize timing of a transmitter and the receiver; 
and 

a pulse shaping unit that outputs an ultra wideband (UWB) transmission waveform from 
the bursts of information-bearing symbols and training symbols. 

Claim 21 (Original): The wireless communication device of claim 20, wherein the pulse 
generator arranges K training symbols within each burst of information-bearing symbols. 

Claim 22 (Original): The wireless communication device of claim 21 , wherein the pulse 
generator arranges the K training symbols as the first K symbols of each burst. 

Claim 23 (Original): The wireless communication device of claim 22, wherein the pulse 
generator arranges K=4 training symbols according to the following equation where s(k) is the k th 
symbol of the UWB waveform: 




+ 1, z/(£mod4)= 0,or,l 
-1, //(£mod4)=2,or3' 
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Claim 24 (Currently Amended): 



A wireless communication device comprising: 



an antenna to receive an ultra wideband (UWB) waveform through a wireless 
communication channel, wherein the received UWB waveform includes bursts of information- 
bearing symbols; 

a timing synchronization unit to form an estimation of a timing offset based on the 
received UWB waveform by selecting a template comprising a segment of a burst of the received 
UWB waveform, and by correlating the template with a segment of a burst of the received 
waveform ; and 

a symbol detector to output a stream of estimate symbols based on the estimate of the 
timing offset. 

Claim 25 (Cancelled) 

Claim 26 (Currently Amended): The wireless communication device of claim 25- 24, 
wherein the timing synchronization unit: 

selects the template wherein the template comprises a segment from a burst of the 
received UWB waveform of one symbol duration; and 

wherein the segment of the received UWB waveform to be correlated with the template 
comprises a segment from a burst of the received UWB waveform of one symbol duration 
adjacent to the template; and 

correlates the template with a segment of the received UWB waveform comprising a 
segment from a burst of the received UWB waveform of one symbol duration, the segment being 
adjacent to the template, to form an estimate of the timing offset according to the following 
equation: 




wherein m e [0, M-l] with M > 2 and n e [0, Nf-1]. 
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Claim 27 (Original): The wireless communication device of claim 26, wherein the timing 
synchronization unit forms an estimate of the timing offset by peak-picking the result of 
correlating the M/2 pairs of adjacent templates and segments of a burst of the received UWB 
waveform according to the following equation: 



Claim 28 (Original): The wireless communication device of claim 27, wherein n determines the 
resolution of the estimate of the timing offset. 

Claim 29 (Currently Amended): The wireless communication device of claim 27, wherein n 
is equal to on e of an int e g e r valu e and a non-integer value. 

Claim 30 (Original): The wireless communication device of claim 27, wherein n equals one 
frame duration Tf results in frame-level resolution of the timing offset estimate. 

Claim 3 1 (Original): The wireless communication device of claim 24: 

wherein the antenna receives a UWB waveform comprising bursts of information-bearing 
symbols and training symbols; 

wherein the timing synchronization unit selects a template, wherein the template 
comprises a segment of a burst from the training symbols of the received UWB waveform and 
correlates the template with a segment of a burst from the training symbols of the received 
waveform so as to form an estimate of the timing offset of the received UWB waveform; and 

wherein the symbol detector outputs a stream of estimate symbols based on the estimate 
of the timing offset. 

Claim 32 (Original): The wireless communication device of claim 3 1 , wherein the antenna 
receives K training symbols as the first K symbols for each burst. 

Claim 33 (Original): The wireless communication device of claim 3 1 , wherein K training 
symbols within each burst of symbols are arranged so as to ensure at least one polarity transition 
within one symbol duration of the received UWB waveform. 
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Claim 34 (Original): The wireless communication device of claim 33, wherein K=4 training 
symbols are arranged according to the following equation where s(k) is the k symbol of the 
transmitted signal: 



Claim 35 (Original): The wireless communication device of claim 31, wherein the timing 
synchronization unit: 

selects the template, wherein the template comprises a segment of one symbol duration 
from the K training symbols of a burst of the received UWB waveform; 

correlates the template with a segment of the received UWB waveform, wherein the 
segment comprises the segment of one symbol duration from the K training symbols of the burst 
of the received UWB waveform adjacent to the template, according to the following equation: 



wherein m e [0, M-l] with M > 2 and n e [0, Nf-1]. 

Claim 36 (Original): The wireless communication device of claim 35, wherein correlating the 
template with a segment of the received UWB waveform further comprises selecting the value of 
h e by peak-picking the result of correlating M/2 pairs of adjacent templates and segments of the 
received UWB waveform according to the following equation: 



Claim 37 (Original): The wireless communication device of claim 36, wherein n determines the 
resolution of the estimate of the timing offset. 

Claim 38 (Currently Amended): The wireless communication device of claim 36, wherein n 
is equal to on e of an int e g e r value and a non-integer value. 




+ 1, if(k mod 4) = 0, or ,1 
-1, //(A:mod4)=2,or3 ' 
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Claim 39 (Original): The wireless communication device of claim 36, wherein n equals one 
frame duration T f results in frame-level resolution of the timing offset estimate. 

Claim 40 (Currently Amended): The wireless communication device of claim 24 39, wherein the 
symbol detector outputs a stream of estimate symbols based on the timing offset by delaying a 
time to initiate the estimate of the received signal are initiated by n £ T f seconds. 

Claim 41 (Currently Amended): A system comprising: 

a transmitter that processes a data stream of symbols to form bursts of information- 
bearing symbols and generates an ultra wideband (UWB) waveform through a wireless 
communication channel; and 

a receiver that receives the transmitted signal through a wireless communication channel, 
selects a segment of the received UWB waveform to use as a template, forms an estimate of the 
timing offset based on the correlation of the template with a segment of a burst of the received 
UWB waveform, and outputs a stream of estimate symbols based on the estimate of the timing 
offset. 

Claim 42 (New): The method of claim 1, wherein arranging the training symbols comprises 
arranging a minimum number of training symbols, each training symbol having a calculated 
polarity. 

Claim 43 (New): The method of claim 13, wherein K comprises a minimum number of 
training symbols, each training symbol having a calculated polarity. 

Claim 44 (New): The wireless communication device of claim 22, wherein the pulse 
generator arranges a minimum number of training symbols that each has a calculated polarity. 

Claim 45 (New): The communication device of claim 33, wherein a minimum number of 
training symbols are arranged, such that each training symbol has a calculated priority. 
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